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TRANSFORMER PROBLEMS 
( et I,, POLARITY 


“The molarity. of a einaia phase. vay erounan is determined by the 
“relative directions of the primary and secondary windings tio 

* the core. In complicated core and winding designs it-is. some- 

_ times difficult to. determine the polarity of the transformer 

directly from the direction of the windings, It therefore be- 
cores necessary to:set up a conventional system for the speci- 
fication of polarity based on the arrangement of high and low 
voltage terminals. on the transformer tank and on the direction 
of the induced. voltages in the primary and secondary windings. 
[Coils important to remember that the relative directions of the 
induced voltage on both primary and secondary must be considered 
and not the direction of the mae Sia ata primary voltage. 


Since the relative: directions of he: induced voltages. as they 
appear at the transformer terminals depend on the. order in which 
these terminals are considered, it becomes necessary to adopt some 
convention with respect to the order of. consideration of the — 
terminals. It is commonly accepted that the terminals of the 

high and low voltage windings are. considered in the order in which 


, they are brought out of the tank when the observer faces the tank 
* from any one direction. : To. make this clear, refer to Figures la 


ang 1b.’ 


BN ae 
rag 
vant 
-— |. | 
e X5 
FIG. la 


In these figures Hj and Ho représent the high voltage terminals, 
X11 and Xo the low voltage terminals, The arrows represent the 
directions of the induced volt#ges. “Thus: in Figure la, .looking 
at the transformer ‘tank ‘frém the’ low voltage ‘side we.see that, 
the induced.voltages are’ in ‘the’ same * ‘directions in both wind- 
ings. The, polarity in this case’ is called | "subtractive". The 
terminals are. also nombered ‘in this order, . @., X1 opposite 

Hj and Xo epee: He. 


In Figure 2, the directions of the induced voltages are opposite 
and the terminals are numbered accordingly so that Xo is opposite 
H, and X1 opposite Ho. The polarity here is called "additive". 


The reason for the terms "additive" and "subtractive" polarity be- 
come evident when the method of testing the polarity of a trans- 
former is considered. Referring to Fig. lb, if any two adjacent 
high and low-voltage terminals are connected together, such as, 
for example, H, and Xo and voltage applied across either the pri- 
mary or secondary windings, then the voltage measured between the 
free high and low voltage windings, Ho and X11 is the sum of the 
primary and secondary voltages. In the case of Figure la, if say, 
terminals H] and X1 were connected and one winding excited the 
voltage across Ho and Xo would be the difference between the pri- 
mary and secondary voltages. In making these tests only a small 
fraction of the rated voltage need be used for exciting the trans- 
former. 


When connecting transformers in parallel, or using special connections, 
great care must be taken in observing proper polarity. In the 
following connection diagrams, the same polarity is assumed for each 
transformer, whether additive or subtractive. If one of the trans- 
formers is not of the same polarity as the others, the connections 
must be reversed on one side of this transformer. According to pro- 
posed ASA standards, single phase distribution transformers of less 
than 8660 volts and 200 KVA shall have additive polarity. All other 
single phase transformers shall have subtractive polarity. In case 

of doubt, tests should be made. 


II. SUBSTATION TRANSFORMER FAILURE 


Most REA financed projects have delta-wye substation transformer banks. 
In the event of failure of one transformer, a portion of the load may 
be carried on the other two as an emergency measure if no spare is 
available. The following procedure is to be used in reconnecting the 
bank. 


Substation Reconnections for a”Delta-Wye Bank: 
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Figure 2. Before Failure Figure 3. After Failure 
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Directions: er is repaned that all LS ip loads Lemed by the line 
have been disconnected) Pe Ara A 


ies Opén. all disconnects or cut-outs on the supply nar load. gides 
or, substation transformer bank, and ground - ees -lines on the. 
load side. + =. 


Ce Disconnect all “leads to transformer that failed. 


3. Reconnect *the Shade wire on the Y gide of the faulty amide 
former to phase two or three, selecting the one which ie less 


loaded. This ‘connection should be made so ag to have the ° 
substation protected ‘by the cut-out as before, 


Se 


4, Make certain nae no connections other than the ones specified 
above are changed on either supply or load side of the trans- 
former bank. 


5. Remove safety ground on the load side, and reclose supply side 
disconnects or, cut-outs on the two good transformers, rer. 
energizing transformer bank. Reclose load side perc uee to 

. energize the lines. : =: 


Note 1: The two-transformer bank can carry but 86.64 
Ai of the rated capacity of the two transformers. 
This means that the two transformers can carry 
only 57.8% of load of the former three-trans- 
former bank. If the bank is overloaded after 
reconnection, some load muat be disconnected 
until the defective transformer is replaced. 


Note 2. On three phase lineg the load balance can be 
improved by dividing the load on phase 1 be- 
tween phases 2 and 3. With the eonnéction: - 
ghown above, this dan be done by. opening any 
Ue otlone laine cut-out on phase 1, and con- 
necting the part of phase 1. hoyond this: 
Secures cut - out to, phase 4. ia 

Directions for a OS ee consumer's three oe 

bank: (Thig Pres only to Wyecbeits banks.) — 


All banks of nee transformers for power’ loads must 
be reconnected on primary side in the event of failure 
" “of one transformer 


"SUPPLY 3 | SUPPIN) 
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Transformer Neutral 
Zz Ungrounded 


LOAD | 7 LOAD 
Figure 4 Figure 5 
Three Phase Bank Three Phase Bank 
Before failure of After failure of 
Substation Transformer Substation transformer 


1. Open cut- Bice on: all tied! blair on ihe ree ‘side : 

2, Disconnect, and remove from service, transformer, A of. 
the three transfornére::. The final connections..are shown 
in Fig. 5. Phase @!must not be connected to phase} at ; 
any point between’ thé: bank and the SO a ie Connect. .-. 
transformer: neutral busi to ground. i ste 

3. Make certain that no other changes have ees made, to-- 
load side connections of pen DeL Orne hs 

4. See Note l, Fig. 6, Page.9. 

5. Reclose enna on the two. ‘transformers hog are to re- 
main in service. 

6. Check voltage and phase rotation before leaving Bonaumer! é 
premises. Phase rotation may be checked by ‘observing © 
direction of rotation of ‘unloaded polyphase motors. 

7. If consumer hag a V-bank‘(see Fig. 6), make’ ‘certain that 
the two phase wires. are. not connected in parallel at any 
point. : 


III, PARALLELING TRANSFORMERS oF 

For exact division of load in proportion to ratings, for trans- 
formers in parallel, the voltage ratings must be identical; the 
percentage impedances equal, and the ratio of resistance to re- 
actance the same for both, Any other conditions ‘involve: division 
of load not aa proportion to ratings, and may also cause circu- 
lating current to. flew. ‘Transformers may be operated in egeaes. 
when some of these conditions are not met, but with resultant. 
loss in SIO Lene ys hy One manufacturer rakes the following: re- 
commendations: 


A & vs st coo considered good practice to Sverate transformers 
in parallel under the following conditions: | 


1. When the division of load is such that the load 
current flowing in any one is greater than 110% 
of its normal full load value, with a total load 
equal to the combined KVA rating. 

2, When the no-load circulating current of’ any trans- 
former exceeds 10% of the full load rated value. 

3. When the arithmetical sum of the circulating and 
load currents is greater than 110% of the normel 
Pas: load current. i 


"In the above, circulating current means. the current flowing at no 
load exclusive of exciting current. By load current is meant the 
currents flowing under load, exclusive of ek eas) and Se ae 
currents.” CT eo en i ee 


Unequal Voltage Ratio 


The most important requirement is to have equal voltage 
ratings on each side for the transformers to be paral- 

leled. If the voltage ratios are unequal, 2 circulating 
current results. For equal or nearly equal percent, im-.. 
pedances and unequal-ratios the" following ‘formula may - 
be used to calculate the circulating current, .It-is CX-. ae 
act where the ratios of resistance to reactance inthe .. 
two transformers are equal, but Also putt Tet ent accurate 
for most other cases. Tan Sig TR 
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Where Dylon circulating current in percentage | oP 
Pooh ch sk rated’ current of unit No. 1 | 
e = difference in voltage ratio.¢ ressed 
% g xp 


in percentage of normal. - 
%Z1 = percent impedance of unit Now 


%Zo = percent impedance of unit No. 2) 
KVA] 
KVAo 


eeu 


Cee transformers of 54h impedance : are sonnented in paral- 

---tel in a single phase bank on a .72Q0 volt line, trans- 
former 1 having a voltage ratio of: 12,750/7200 and. trans- 
former 2 a ratio of 12750/7620. ° Capacity of transformer 

1 is 100 KVA and of transformer 2 is 50 KVA. 
Then: voltage ratio of transformer 1 = 12750. - 1 77 
(this is norma} ratio) Wirelensc 
voltage ratio of transformer 2 = 12750 
Ge =) 1.77 = 1,68 X 100 = 5.1% 7620 
Shennan ctr . 


a 


WE8 


al: 


tL = tn = 5% 
x = Kva, - 106 = 2 
| Kvap 50 : 
Igy = 5.1 X 100 = Shh 
D AOR ae 
Such a parallel combination would Spviousts be unsuit - 
able. In order to obtain the actual circulating current 
in amperes the rated current of transformer..1.is multi- 
plied by I,,. ‘In the above example the rated. current 


would be I; = 100,000.= 13,9 amps, and I., 2 0.34 X 13.9 = 
4.7 amps. TE00 Genta on 


B. Unequal Percentage Impedances * 


For equal ratios, and unequal percentage impedances, the 
load division may be calculated approximately as follows: 


ee er 


Note: This method is exact when ratios between resistance 


» and reactance of both transformers are equal. 
Ty) = KVA}/421 x Iz, (2) 
PE 


1p = KVAp/#Zo X Ty, G3) 


e 
Where C e KVA, + KVA5 + 
47, “En i" ‘ e ° e 


Ty, * Total load current 
I, = Current No. 1 | 
In = Current No. 2 
KVA, = Capacity of No, 1 
7 | KVAp = Capacity of No. 2 
GL, = Percent impedance of transformer No. 1 
%Zo = Percent impedance of transformer No. 2 


Example: 


Assume two transformers with equal voltage ratios connected in 
parallel. Transformer 1 is of 100 Kva and 5% impedance. Trans- 
former 2 is 50 Kva and 5.5% impedance. . Total load current is 

15 amperes. 


Kva, = 100 
Kvao = 50. 

Ty, = 15 amperes 
REL dy 


Geo = 5.5 


C = 100 4 DOES 862%. 
5 Sooty 


Ij = 100 iia 


Ly l= 
2 Somat X 15 = 4,7 amperes 


If the line voltage is 7,200: volts, rated current 
for transformer 1 * 100,000 - 13.9 amps and for 
: . 
transformer 2 = 50,000 = 7 amps. Both transformers 
7,200 
are therefore operating within the limits of rated 
capacity. 


C. Unequal Ratios and Unequal Percent Impedances 


Where both the voltage ratios and transformer im- 
pedances are different the circulating current due 
to off-ratio as calculated from A should be added to 
the load current in each transformer as” “calculated 
from B, to obtain the total current flowing in each 
Pe Ae orans 


In many cases, resistance or reactanée in the connections may un- 
balance parallel transformers. By properly adding the correct amount 
to the resistance and reactance in the leads, Gabe snes teene 
formers may be perfectly balanged. i" gt 
In connecting transformers in parallel, it is obviously important & 
that the polarity of the voltages be carefully checked. After 
ascertaining the polarities of 411 transformers, a’ diagram of connections 

should be drawn before attempting any such work. If the trans- 

formers are connected in parallel with.the ‘reversed polarities 

large secondary circulating currents will. result which will usually 

damage the transformers if not interruptéd immediately. 


IV. THREE PHASER SERVICE... 


Fig. 6 and Fig. 7 show the recommended connections for three phage 
service. Fig. 6 commonly called the "open-delta" or "V" connection 
should not be used in. an excessive number of installations as i 
causes some unbalance on the system. Single bushing transformers 
may be used for the "V" connection, but if there is any. possibility 
of placing these transformers in a bank of three, double bushing 
transformers should be cbtained so that the connection shown in Bie ty 
Y can be used at a later date. 


In the ‘didgrams, all transformers. are considered to. be. of the same 
polarity. If one is of unlike polarity, connections to it. must be 
reversed, either on the primary or the secondary. 


Where lines are sectionalized by means of single pole breakers, LINE- 
M@N MUST BE CAREFUL TO THOROUGHLY GROUND AN OPEN LINE BEFORE WORKING 
ON IT. For example, in Fig. 7, if a breaker opened phase A on the 
source side of the three phase bank, phases B and C remaining 
energized, partial voltage might eid da: exist on phase A beyond the! 
breaker, due to voltage and current relations in the three phase bank. 


erie 


PRIMARY 


Single bushing 
transformers 
can be used 
if desired. 


120/240 Volt service 


for iO oneal 


Conductor "N" to be 
omitted if no lighting 
is required. 


<@————- GROUND 


ae | } 240 Volt, 3 Phase 


SECONDARY 
NOTE: 


Combined capacity of two transformer should be 15.5% greater thon combined capacity of 
three transformers /\ or Y connected for the same load. 


All 


internal connections from secondary coils to tanks must be removed. 
A three-phase, four wire, delta meter must be used if conductor "N" is brought in. 


"v" CONNECTION WITH TWO 
TRANSFORMERS FOR THREE PHASE SERVICE 


DATE: 8/20/42 


A-2458 | 


aie 


PRIMARY 


GROUND 


b GROUND 
240/120 Volt single phase three wire 
for lighting 


(Should be con- = 


nected to primary neutral 
if available on same pole.) 


Conductor "N' to be omitted if no 
lighting is required, 


\ 240 Volt, 3Phase, Delta 


[No cae S 
SECONDARY 


All internal connections from secondary coils to tank must be removed. 


A three-phase, four wire, delta meter must be used if conductor "N" is brought in. 


12.5 KV PRIMARY 3PHASE 4WIRE Y- A 
SCHEMATIC TRANSFORMER WIRING DIAGRAM 
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The amount of voltage on an open phase is variable, depending on 


OG many factors, but it may be as great as one-half the normal line- 
* to-ground voltage. AIWAYS TREAT A LINE AS HOT UNTIL IT IS 
GROUNDED. 


V. SINGLE PHASE LOAD ON THREE PHASE BANK 


In many three phase transformer bank installations, it is also de- 
sired to serve some single phase load. Figs. 8, 9, and 10, copied 
by permission from "Transformer Engineering" by L. F. Blume (John 
Wiley & Sons, Inc.), give the limits of loads which may be served 
with various transformer combinations. The use of these curves can 
best be illustrated by examples. 


Example 1: 


Assume three transformers in a wye-delta bank rated 
ag follows: 

Transformer A - 15 KVA 

Transformer B - 10 KVA 

Transformer C - 10 KVA 


? The three phase load is 10 KVA at 80% power factor. What 
ry single phase load at unity power factor can be placed on 
transformer A without overloading any unit in the bank? 


Solution: Use Fig. 9 


The three phase KVA load in percent of transformer B rating 
in KVA = 10 (100) = 1004, 
10 


Ratio of KVAy to KVAp = ote) ieah ALS 
10 


At 100% on the abscissa proceed vertically upward to the curve 
with R= 1.5. Then proceed horizontally and find that the single 
phase KVA in percent rating of unit B equals approximately 182%. 
Hence, additional allowable single phase loadion A equals 1,82 
MO) =. 16.2: KVA, 


If the three phase load were 20 KVA, the additional allowable 
single phase load on A would be found to be about 105% of trans- 
former B rating or 10.5 KVA. 


If the single phase load is known, the allowable three phase 
load may be found by the reverse process. 


® 
‘ Example 2: 
Given a three phase load of 20 KVA and a single phase load 


of 10 KVA, what transformer ratings should be used in a wye- 
delta bank? | 
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°— 20. 40. 60. 80 100 120 140 60 180 200 220 240 260 280 300 320 
Three phase kv-a in Per Cent of kv-a Rating of Unit B= KV=43 9 x 100 
kv-a 
b 


Maximum Permissible Load on Isolated Y- A Transformer 
Bank having Three Single-phase Units A, B,and C. 
Three-phase Power Factor of |OO Per Gent. 


Kvod, = KV-C-. 


Kv-dq 
= Reproduced by permission from 
Kv-G), Transformer Engineering by Blume 


published by John Wiley & Sons Inc. 
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Three-phase kv-a in Per Cent of kv-a Rating of Unit B= ese x 100 
V-Gp 
Maximum Permissible Load on Isolated Y-A Transformer 
Bank having Three Single-phase Units A, B and C. 
Three-phase Power Factor of 80 Per Cent. 


Kv-d,) = Kv-d, 


a Kv-d, 


K , _eproduced b Peete trom 
V-Op . “Tronstormer Engineering by Blume 
published by John Wiley& Sons, Inc. 
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_-Ratio of three phase load to single phase load = = 2,0, 
In Fig. 10 on the abscissa find 2.0.and proceed vertically 
upward to the two curves. Proceeding horizontally from... — 
_the transformer B and C curve, we find that the Tratiovoty.” 6 7 
transformer KVA to single phase load KVA equals 0.87, and gimi- 
larly from the transformer A curve, we find that the ratio 
of transformer KVA to ¢ingle phase load KVA° equale 1,33. 
Hence, transformers B and C should be rated at least 0.87 
(10) = 8.7 KVA and transformer A should be rated at least 
$495, 110) = 15 ,5°RVA. ‘The next lareer standard ratings 
would be used, unless advantage were to be taken of the 
transformer overload capabilities, , 


VI. OVERLOADING OF TRANSFORMERS 


A transformer may be overloaded during peak load conditions, pro- 
viding light load follows and allows the transformer to cool off. 
_ According to the Interim - Report on overloading transformers by 

_ the ATEE committee on electrical machinery (3): "For Daily Load 
Factors below 100 Per Cent, the loading may be increased 0.3 per 
cent for each per cent that the daily load factor is below 100 
per cent, with normal life expectancy in no case should the over- 


load permitted by this factor exceed 15%." (395 


In accordance with the committee's recommendations, the following 

table is suggested as a general guide for overloading transformers 
on REA systems. (If load curves of the system are available, Tech- 
nical Standards Bulletin No. 1 (6) may be used for greater accuracy 
in estimating transformer overload capabilities.) 


TABLE I 


Permissible Transformer Overloads With No Reduction 
In Life Expectancy. A. I. E. E. Recommendations 


Daily Average | Per Cent Rated Load 
Ambient Temperature On Self-Cooled Transformers 


Degrees {| Degrees Daily Load Facto 

Centigrade Fahrenheit ____ 60% 
: 152. 
: 142 
132 
127 
122 
olhiye 
112 
102 


92 
82 


The load factor is, of course, the ratio of the average load over 

a period to the peak load occurring in that period. This means 

' that the peak load can be, say 115 percent of the transformer iA 
rating when operating on a system whose load factor is 50 percent ¢ 
in a 30 degree C ambient temperature. Although tho load period f 
on REA systems is usually taken as one month for purposea of other 


work, it is necessary that a one-day period be used in determining 
the load factor for calculating allowable overloads on transformers. 


Short time overloads with some reduction in life expectancy are also 


given in the AIEE Interim Report mentioned above. 


Transformers may also be safely overloaded continuously if forced- 
air blowers, oil-coolers, or water sprays are added. Any such in- 
stallation requires detailed investigation and should be referred 

to the transformer manufacturer. q : 


VII, TRANSFORMER PROTECTION 
A, Short Circuit Protection and Service Distance 


Transformers. are protected by fuses or cirovit breakers on 

the primary, on the secondary, or both. Technical Standards 
Bulletin #4 (5) outlines the procedure for calculating the 
required ratings of such devices for adequate protection of ¢ 
the transformer against short circuits. The rating of the Ms 
required device depends on the transformer size, the service 
size, length, and number of wires, and characteristics of 

the device'to be used. In addition, the device must coordi- 
nate with other devices on the system. Table II shows the 
protection afforded by various standard makes of secondary . 
fuses to various sizes of transformers for 120 volt dnd 120/240 
volt services. Table II ics based on 4.5% transformer im- 
pedance, which is conservative, and gives the maximum 

service distance for. which various makes and sizes of fuses 
will protect transformers against short circuits. If a 
particular make and size of fuse protects a certain size of 
transformer for a short circuit at a specified distance of 
service, the fuse will, of course, also protect the trans- 
‘former for short circuit at any lesser service distance. 

In addition, the table gives the various household devices 
which will coordinate with these secondary fuses for a 

minimun service length of 100. feet. The use of the table can 
best be explained by examples. 


Note on Use of Table IL: He 
The first column gives service distances. The second and alter- 
nate even columns give corresponding maximum secondary fuse size 
which will give protection to the transformer for 4 secondary i 
fault at this distance. : 


The third and odd columns (starred) give the house device which 


will coordinate at a minimun service distance of 100ft. with the 
corresponding secondary fuse. The household devices are listed 


See Sa 


Rigi (og 29 
ye in order of slowness #0 that if a secondary fuse coordinates 
with #5, 1¢ will also coordinate with #4,.3,.2, andl, and > 
if it coordinates with #4, it will Also coordinate with #3, 
2, and 1, etc. In selecting the secondary fuse size, 30 ft. 
should be added for the length of the service entrance cable. | 
In borderline cases, always select the smaller secondary fuse, 
rating. is OEY aaa Ah eae 


Example 1:- 7” Whee: 


Given a transformer installation of 3 KVA with three No. 6 
(120/2h0 volt) service. conductors, using a Schweitzer & 
Conrad silver cartridge type SS1 secondary fuse at the 
transformer, and. 35 ampere "Quick lag” breakers. in the ser- 

‘vice entrance, what is the greatest possible service length 
which may be used with full protection afforded to the trans- 

former against secondary short circuits, and still coordinate 
the secondary fuse with the service entrance breaker? 


Solution: 


Use the 3 KVA 3 wire transformer sheet. In the SSI column 
under Number 6 service, it can be seen that a service length 
up to 2000 feet may be used with a 40 ampere SSI S&C fuse, | 
& service length up to 1400 feet may be used with a 50 ampere 
fuse, and a service length up to 900 feet may be used with a 
60 ampere fuse. Any of these fuses will coordinate with the 

o service entrance breaker specified for any service length be- 

by. yond 100 feet. Hence, a minimum distance of 100 feet and a 

maximum distance of 900, 1400, or 2000 feet depending on the 

secondary fuse size may be used for the service in this 
particular case. : | 


Example 2: 

Given, transformer installation of 5 KVA with a 3 wire, 
Number 4 service and a service distance up to 500 feet. 
The service entrance protection ig.a 60 ampere fuse. What 
size General Electric catalogue 9F13A secondary fuse will 
protect the transformers? 


Solution: 


_ Going to the 5 KVA 3 wire sheet, on the 500 foot row for #4 

_ Service and under the GEl column, it can be seen that a 95 ampere 
secondary fuse will do the job. However, since the 60 amp 
service entrance fuse will also cooordinate with the 85 ampere 

_ secondary fuse, the 8&5 ampere secondary fuse may be used for 
more conservative protection if desired, It ig usually pref- 

_ erable to use the smallest secondary device which will still 

coordinate with the service entrance protection. 


Table II ig based on characteristics furnished by the various 
manufacturers in 1942, The table is intended only as a guide, 
and special cases should be worked out by the system engineer. 


‘able III shows the maximum service distances which may be 


e 


used with one type of transformer with internal and secondary 
breaker so as to obtain protection against secondary short 
circuits. Table III is based on A.S,A. Permissible Emergency 
overload curves and transformer manufacturer's data on the 
secondary breaker characteristics. 


The service distance may not only be limited by the transformer 
protective problem, but may also be limited by the voltage drop. 
Fig, 11 gives the voltage drops to be expected for various trans- 
former sizes and services. The drop including the transformer 

and service should be added to the existing or anticipated pri- 
mary drop to obtain the total drop at the load. This, drop should 
be within the required limits in order to provide adequate service. 
The selectec service distance should be the leeser of the two 
figures given by the fault current protective and voltage drop 
requirements. 


Transformer primary fusing schedules may be calculated in the same = 
manner as the secondary fusing tables. Unfortunately, experience e 
has shown that for she smaller sizos of distribution transformers 

on 7200 volt lines, the primary fuse size required to provide 

protection against secondary faults is so small that it: is frequently 

blown by lightning surges, ox ismaged by mechanical vibration. 

Hence, primary fuse ratings in use’ 6n REA systems have been increased 

since .1936,> The present recommended primary transformer fuse rat- 

ings and the maximum service distances for which protection may be 

provided against secondary short circuits for ‘transformer im- 

pedance of 3.5%\are shown in Table IV. The large vai;iation in 

fuses mede by different manufacturers is readily apparent. 


Although distribution transformers of less than 10 KVA will 
usually have an impedance of less than 3.5%, and the primary 
fuse will therefore provide greater protection than shown, ~ 
it can be seen that, in'the main; little protection against 
secondary troubles is furnished by such primary fuse ratings. 
Smaller ratings will offer more protection, but at the same 
time more false fuse blowings can be expected. Since the 
transformer failure rate has been small on REA systems, the 
trend has been toward the higher fuse ratings. : ve 


Lightning Protection Arua: oa 

Transformers are protected by arresters, expulsion tubes or.open e 
gapse The function of such devices is to limit the voltage drop 

between the transformer windings and between windings and ground 

to a value, as far as practicable below that at which the insu- 

lation will fail. In order to hold the transformer tank, the mid- 
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10 X 10 to the half inch, 10th lines heavy. 
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-Matthews Cartridge Type C.T7.S, 
-Matthews Fuse Link Series 50H and 100H 


1-Southern States Cartridge TVGO Sele lis 
poenern States Cartridge Type S.X.L. 


Table IL Protection Afforded by Secondary Fuses of Various Makes ee 
To 13 KVA Transformer With 2 Wire 120 Volt Service 


4 - Number § : 
GE1* | cre* | im* | ssi* | see 
85 4) 864) 7541-60 4 


65 4.) 85 kb 60 81.60 4 
854} 854 | 60 4} 60 4 
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SCl-Schweitzer & Conrad Silver Cart, Type SS1 
SCe-Schweitzer & Conrad Tin Cart, Type STI 
8C3-Schweitzer & Conrad Tin Link Series 88, 000 
B-Bussman Type JIS Cartridge or JPX Link 
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Pa hews Cartridge Type C.T.8, a) 

Matthews Fuse Link Series 50H and 100H 2 40 Amp Fuse 

below 100 amps, Series 100B above 100 amps.3’' 20 Amp Circuit Breaker 
Gen. Elect, Cartridge Catalog 9F13 A (Quicklag'or Heinemann 
Gen. Elec. Fuse Links Type 9FI1S > magnetic) 

Line Material Unifit (Cartridge and Link) 4 60 Amp Fuse 


~Southern States Cartridge Type SFL. 5 35 Amp Multi-breaker 


Table II Protection Afforded by Secondary Fuses of Various Makes Shese hk |e 
' To 3 KVA Transformers With 3 Wire 120/240 Volt Service : 


Service ee Number 6 Service 


Dist * 1* | soet| scx ta 
hk. SE eS 
I 125 Pe i ante | | | * 
| 1501 100. 41 0.5} 150. 0051 75.5/.65 5} ho W] 
nave i : 60 5 * 5 | 75,.51655) ho ‘a 
| 4} 100 5 60 5) 150 5 15. 895 D4 0n a 
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900 21 SO" 4 BOS ae 60h | 50 4. |. 50:4 ho & 25 2 
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M2-Matthews Fuse Link Series 50H and 100H Heinemann magnetic) 
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Table II Protection Afforded by Secondary Fuses of Various Makes Sheet 6 


Service Number A Se : 
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es equivalent. 
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point of a low voltage Cee end the oe Widea of the 
arrester and primary winding at the same voltage’ level, ‘these 
points are interconnected together on “multi+ grounded’ REA 
systems . (excépt in California) and also connected to the light - 
ning arrestér’ ground ‘and the system neutral. mW ate) surge. ‘yoltage 
stress on the transformer insulation is. therefore practically 
independent’ of the groundi resistance, and dependent only..on the 
characteristics of the protective device and the lightning amas 
The system-manager should maintain such ground connections and. 
the interconnections, since the life of the transformer will 
depend on them. An additional consideration is the adequate: no) 
grounding of- the case for safety reasons. , 


Although, as stated above, the resistance: of the arvebter. ground 
has Jittle effect on transformer ‘protection if. the interconnection 
scheme is used, thig does: not. mean that the ground resistance is 
unimportant.’ Te the resistance to ground. of. the arrester ground 
lead becomes high, the voltage on thé tank will rise to a high 
_level upon. discharge of the arrester’ current through the ground 
resistance.: Due to the interconnection of the secondary winding, 
this will in turn be impressed on the consumer's wiring. Such 
high voltages may be injurious. It is therefore. very important 
that the. individual lightning: arrester ground | and the service: 
ground at the consumer's .service- entrance have 4s: low résistance 
as possible. ‘Considering. the service entrance equipment and the gi 
consumer's premises, the ground at the consumer's premises is «=... : 
the most important, but it is the individual ground at the ~~ 
transformer nearest the consumer which is next in importance... 
rather than the combined interconnected system neutral ground. — 


VIII Bic Be oneness oe Transformers 


Transformers, like all other elosteicar: any | nee ee be ddtntainel? (7) 
The amount of maintenance depends on the investment in the ees and 
the importance of uninterrupted servicé, Substation transformers, .i 
particular, should receive special attention, while transformers SAT W 

serve important loads also’ require . fréquent inspection. . Small distribution 

transformers, serving rélatively. unimportant, loads,, however, cannot receive 

a great deal of maintenance, due. to-the excessive costs which would.be re- 
quired by such a procedure. The usual practice with regard to such. small 
_ transformers is to bring a transformer into the shop. and ‘provide a thorough 
- check when a ei in transformer installation is made. 


The following concerns particularly maintenance of substation transformers, — 
and, in lesser degree, and where practical, other transformers. 


A. General Inspection 
1. Once a day, if possible, and at least once a week. 


@. ' O11 level. See if oil is up to required level. 


b. Ambient temperature. A record should be kept of Y 
ambient temperatures. @ 


c. Oil temperatures. A record of the oil temperature, 
particularly at peak demand, should be kept and 
coordinated with the ambient temperature. Some 
transformers have a load -indicator instead of an 
oil temperature indicator, in vee Cane | eee. 
reading should be made. Bsa : ‘ 

wig it is impossible to toes he cera pandinse 
each day, the day | of peak asa should’ be: selected. cf 


qs coir temperature. . ‘Some’ of, the vader Ayanetorher ny: have 
'” thermocouples, embedded in. the: coils -to/indicate coil ie 
temperature... Thig temperature should: be mecord ag: 
periodically,, particularly; Oty: ‘pede: ae 


2. Once a week, if possible, ‘and at Nosee. once a month. ae 
de Load’ cutrent. eas ee evokes : ae 
Check current. in each ee by. means’ of: Pig late ah 
ammeter, or using.an amneter: with current transformers,’ 
if such are installed, for lead-.on-transformers and rts 
phase balance of. tronsfornorg. ond: feeders «:.“Make check oy hy a 
ie pea Ie gad. pented ane OR OF near ui of: meetin: Py 


Dd. Volpe! ‘Check ‘voltage on, cach eae ‘ay ‘be posetbie 
to: eliminate over-excitation .and excessive cord: ‘loss by | Bae 
read justing’ the ‘tap connections, Ifa: spare recording i 
voltmeter’ is available, it. is. well: to obtain’ a- record of Won 
the voltage’ over. a tes Or, eae day, 


mote 


COA 6 EY 


B, Unit Inspection | 


diss Quarterly 


a. Ground resistance. The ahead bootie at an: RRA” 
'- type substation ig very important due. to the multi -" 
grounded ‘line construction... The: operation, of ths 
_ arresters ‘and. the safety. of the. station depend’ -on ~ 
-‘the grounding registance.. The. ground resistance will ° | un ataarem 
vary with lo¢ation.and season: of the year, and no oo ye ee 
hard and fast rules applicable to-all cages can: be d pee 
laid down, In general, the resistance should. be 
under 5 ohms, if at all possible. Ground: dgrndekaane | 
to arresters, transformer tanks, bushings, fence and De hohe 
grounding devices should be Dace! hector as, fo A OG 
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Oil tests. Manufacturer's instruction books and bulletins 
give methods for obtaining oil samples. Such instructions 
should be followed exactly, as many errors in oil tests are 
due to improper sampling. It is particularly important 
that the ‘container be clean. And’ dry and- that the oil be 


_ taken” properly. “The oll’ sample should be tested by the 
manufacturer | or by a laboratory. Oil’ testing to’ high 
_. insulation’ value does not necessarily indicate satisfactory 


conditions, | as. water may appear in the open type transformers 


under, certain conditions, and not show up’in the oil tests. 
_ It is’ therefore necessary to make ‘the under cover and core 


- checks as described below. © 


¢ “ he Lar 


Lightning arresters and gaps. Check condition and- settings 
of qrTPabeNe and gaps. 


. , Breathers. dec if breathers are open and operating 


_ Inspection under the: cover. iceportton under the main 


“properly. s/ 


: "Semi -annuall 


cover, the: manhole cover, and bushing supports .should -be 
made on an open type transformer to determine whether or 


not. water condensation is taking place. During the initial 
. period of operation, this shouldbe done frequently, . (approxi- 
' mately monthly ) and after some operation, such inspection 


should be made at least semi-annually, If there is condensa- 
‘tion, the manufacturer should be contacted for recommendations. 


The Rondon of any hel: gaskets cHsard be':cheeked to 
see if a new gasket is needed before re-assembly, It is 

usually preferable to install’ a new gasket than to take 4 
chance on an old one. Gs 


"‘Biennialy ite cede 


=. 


Inspection above the core, see open eee transformers, the, 
oil should be drawn down to the top of the core, and all 
parts inspected for condensation and sludge about every 


two years. 


O11 filtering. ..The dielectric strength of the oil in an 
open type transformer must be maintained. If the oil test 
shows a dielectric strength of not more than 16 to 17 KV 
for the one-tenth inch gap, the oil should be fi} itered. A 
dielectric strength above this is adequate, providing there 
is no local condensation. On oil conservator or gas seal 
transformers, oil filtering is rarely necessary. 


0.) 


oi Transformer and Refinishing. The treneforner fintue should 
be inspected and any badly worn spots should be repainted, 
or the entire tank should be refinished. The most impor- 
tant:.step in such work igs to thoroughly prepare the surface 
by removing all loosé paint, blisters, scale, and rust; and 
in some cases all the old paint should be removed. “After 
cleaning, the tank should be painted as soon as possible, 
Recommendations on type of paint and primer, number of 

‘s. COAtB,. etc. ehoute } be dane: from the transformer: manu- 

ffeoturers AEE RA 


rt 
oo 


Detailed Inspection 


ae epee ee eine 
“An overall “Inspedtion’ ghoul fa ee about every: Four or five 


nh Oe years... If déposits ‘of sludge are found, the ‘intertor of the 
1S transformer: should pe raised from the. tank and thoroughly 


washed with new oil: “Ali parts, should. bo examined for dis- 


“placement, tight, connections, etc., and the tank should be 


Dy! 


‘Cleaned;. If. the sludging’ ‘seems to be excessive, the matter 


~. should. be: called to the attention of- the manufacturer. Most 


rural systems will necessarily have to. rotate the | spare trans- 
former so that one transformer can be ingpected: ‘each year, 
until complete round is made. If no spare is avaifdable, 

it might be possible to use. the open-delta or Vee fonneat ss 


‘described, above, eds ae ine an Tight. Loee oe 
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Where Craabhoriays oul on the ‘ine dnencepts ot for long periods, 


the underside of the cover and visible parts should be checked 
‘for: moisture, and: ‘oil samplés should be taken before energizing. 
' Ifsmoisture is present, recommendations ‘should ‘pe obtained from 


Be ONS. manufacturer before are ae the prene Ore 
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Wye/Wye Transformer Banks 


.. Advantages and Disadvantazes 


y is { 
This type of transformer bank is seldom used in substations de- 
_ sign in the United States. There are, however certain features 
about the wye/wye type bank which are of interest, yet are not 
_ generally known. A resume of these features may be useful in 
| explaining the limited use of the connection or in suggesting 
_ its use for some applications to which it may be particularly 
suited, Pine AE : 


. The wye/wye connection ig the most economical connection for 

_low power transformers of high voltage ratings since it re- 
quires a minimum of turns and coil insuJs*+ion per phase be- 
cause of the fact that the voltage acroga each winding is 
only 1//5 times the line-to-line voltage. In addition since 
each winding carries the full phasé current the conductors 

must have larger cross sections than the delta connected 

transformer. This increased conductor size results in a larger 
capacitance between turns ani reduces surge voltage between 

_ windings due to lightning and other transients. If one phase of *- 
a wye/wye connected bank develops a fault the remaining two phases | 
can still be served, although the total bank capacity in such 
- a case will be only 58 percent of its three phase capacity. 

In case such operation is attempted with a single-unit 3 phase 
transformer both the primary and secondary of the faulted phase 
must be disconnected from the remaining two phases and the 

sound winding of the faulted phase short circuited. Where: three 
_ single-phase transformers are used it is only necessary to © 

disconnect the faulted transformer and remove it. The remaining 

two transformers will operate without any connection changes. 
Ripe wye/wye connection is extremely useful in the parallel oper- 
ation of transformers with unequal impedances or voltage ratios, 
_ since in contrast to the delta/wye connection these conditions 

cause only negligible load unbalance and circulating current. 


‘The above advantages of the wye/wye bank are however outweighed 
_ for most uses on rural systems by the following disadvantages: 


1. mergency three-phase service cannot be rendered 
when one unit of a bank fails ag can be done on 
a delta/wye bank. ne 
Third harmonic voltages amounting to as high as 
30 to 60 percent of the fundamental may be pres- 
; ent at normal flux densities in the case of 
_ either the single-unit three-phase shell type 


transformer or the three single-phase units. The 

harmonic voltages on the single-unit three-phase 

core type tranaformer are, however, only about 5 
percent of the fundamental and this transformer can ‘ ( 
therefore be operated successfully in a wye/wye bank 
without causing either telephone interference or re- 

ducing its rating at the fundamental frequency, as 

long as the source of supply is free of harmonics, 


3. Third harmonics from the generators flowing in the 
neutral wire cause additional telephone interference. 
On the other hand, both generator and primary neutral 
must be interconnected to allow unbalanced four- 
wire supply. 


B. Use of Wye/wye Banks in the Overation of Parallel Networks. 
eee eee me 


Assume a system similar to that shown in Figure 12. 
In this system networks CE and DF are operated in 
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parallel, both being fed by a 33 Kv bus at CD and 
both feeding into a 7.2 Ky bus, EF at the terminal. 
However, network CE contains one more transformation 
than does network DF, 


we 


a a ee ee 


In such a system it is impossible to operate all — 
three banks (Tg, T3 and Ti, ) in delta/wye. A study 
of the voltage vector relationships will show that 
it ig impossible to operate such a system with To,.. . 
™ and Ty all connected delta/wye; One'of these. 
banks must be connected wye/wye in order to pre-. .. 
vent a 30 degreé phase shift. from existing between... 
2 points E and Fy. If for example the banks were. bye 
connected ag in: Fig, 13, parallel operation would betel 
be impossible due to the phase. shift. “Figure 14 i 
shows one. of the possible correct connections. | 
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C. Unbalanced Loading of Wye/wye Banks, 
ee, On three phase systems using wye/wye transformer banks 
it is possible to operate with unbalanced loading of 
the phase only if both load and supply side of the bank 
are four-wire systems similar to the multi-grounded neu- 
@ral REA type lines. Otherwise the unbalanced loading 
causes a shift of the neutral point which would then re- 
sult in unbalanced voltages on the various phases, With 
_multi-grounded neutral lines on both- supply and load 
_ sides and the transformer bank neutrals grounded on doth 
ie he eae ran z b4: a : 


Ri es na a Sahin i ‘ 


sides each phase of the bank can be loaded to ite full 
capacity without any regard to: the loadings on the 
other transformers in the bank and no abnormal voltages 
will result. In fact it:is possible to operate such a 
bank with three transformers of different capacity and 
impedance ratings without causing ‘circulating currents or. 
unbalance. This is particularly advantageous when the’, 
three phase system is used to supply ‘single phase 

loads which cannot be balanced easily and continuously 
between phases. | 


Harmonic Voltages and Currents in Wye /wye Banks. 


In symmetrical three-phase wye connected systems the 
vectors representing voltages or currents in the various 
phases are spaced, 120 degrees apart so thet at any 

instant the sum of the currents in the three phases adds 

up vectorially to zero. However, if third harmonic 
currents are generated at the source or in the trans-~ 
former itself these currents will be 3 X¥ 120 = 360 degrees 
apart. That is, these currents will be in phase in all | 
three conductors. If the wye system has no neutral con- 
ductor these currents cannot flow since there would be no 
return path from the neutral point of the transformer bank. 
However, if a neutral conductor connects the neutral points 
of the transformer bank and source, each phase wire then 


has a return path for the third harmonic current to flow in, 
This current will then return through the neutral wire which © 


will thus carry three times the third harmonic current 
carried by each phase. 


The existence of third harmonic currents in the transformer 
banks and lines is not desirable for the following reasons; 


(a) Overheating of transformer windings and load - 
apparatus due to increased current flow. 

(vb) Interference to telephone systems and protective 
relay systems. 

(c) Increased core losses in the transformer, 


It should be noted that even when third harmonic currents 
cannot flow in the line because of the lack of a neutral - 
conductor, third harmonic voltages from line-to-ground tan” 
still appear. Such voltages may result in: 


(a} Increased insulation stress 

(>) Telephone interference by electrostatic induction 
in the telephone line. 

(c) Possibility of resonance phenomena at third — 
harmonic frequencies, 
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